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This report presents procedures for estimating stoping 
costs for the various mining methods used in extracting ore 
from underground metalliferous mines. The aim of such a study 
is to identify cost parameters whose accurate specification is 
critical in the determination of economic and technical 
feasibility of underground mining operations and to design 
cost techniques applicable to present day mining technology. 
Cost data used in the study was extracted from the Mining 
Source Book published by the Canadian Mining Journal. This 
journal contains data from surveys of various metalliferous 
mines.
Regression analysis was used to develop cost models for 
shrinkage, cut and fill, room and pillar, longhole, blasthole 
and vertical crater retreat mining techniques. Additionally, 
the impact of technical factors such as productivity, stope 
width, recovery, dilution and others, were investigated.
Comparisons with cost information published in Volume 2 
of the SME Mining Engineering Handbook, 1992, have been made. 
Further comparisons with models developed by 0 *Hara(Volume 2 
of the SME Mining Engineering Handbook, 1992) , and the U.S. 
Bureau of Mines (Bureau of Mines Cost Estimating System 
Handbook, Volume 2 1984) , have also been made in the last
chapter. There were consistencies in the general trend of
iii
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operating costs among the mining methods. Cut and fill and 
shrinkage techniques had the highest operating costs as 
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1.1 PURPOSE OF COST ESTIMATION IN UNDERGROUND MINING
OPERATIONS
In today's competitive mining industry, mining costs, 
whether they are forecasted or from operations, are under 
increased scrutiny as mining companies struggle to bring new 
properties on-line or position existing properties to weather 
the economic storm. The result has been an increased desire 
to know how mining costs can be correctly forecasted, 
controlled, and reduced. The final objective is to make the 
mining industry competitive within a world market.
Accurate cost estimating is vital to the decision-making 
process. Poor cost estimation has left many managers with 
little faith in the estimating process. Consequently, profit 
margins may be lower or higher than projected, with management 
reluctant to initiate additional projects for fear of 
experiencing drastic differences between the projected and 
actual costs.
Even though a contingency is always added to a project's 
cost, it is seldom large enough to compensate for poor 
estimation or inadequately defined scope. Contingencies are 
established to compensate for unknown or flexible costs 
associated with a project's cost. They cannot lower costs 
unidentified in the scope.
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The accuracy of cost estimation techniques is dependent 
upon accuracy of the available data, time allotted for the 
cost study, and the required accuracy of the estimate. 
Depending on these three factors, cost estimation should 
always be within a given accuracy for a given type of study. 
Problems arise when those using the cost estimates and those 
making the cost estimation are not in complete understanding 
of the accuracy of the estimates.
New innovative concepts are being developed to increase 
the efficiency of unit operations with the aim of reducing 
operating costs. These and other changes in mining cost 
structure can have a profound impact on project feasibility, 
but they do not automatically translate into profits for a 
particular mining operation. Before any new project can 
benefit from these lower operating costs, the cost estimator 
has to be aware of them and use them in a feasibility study. 
It requires continual monitoring of costs and adjustment of 
traditional ways of handling some items, such as labor.
Continuing education and periodic cost studies are 
necessary to keep projects and cost perceptions in tune with 
the changes. The operation and management of mineral projects 
and properties is a highly technical business. To remain 
competitive in a world market, one must not only know the 
business of mining, but the business of estimating and 
controlling costs. The effective application of these cost
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techniques to the mining industry is critical to its 
operations and to remaining competitive in the world 
marketplace.
1.2 COST ESTIMATION CONCEPT
D.W. Gentry and T.J. O'Neil (1984) have listed the types 
and classifications of cost estimates proposed by various 
organizations and individuals. These include:
(1) Order of Magnitude: -30% to +50% accuracy range. This is 
generally intended to assist management in making appropriate 
decisions regarding potential project feasibility and to 
justify a further expenditure of funds for the next, stage of 
the project.
(2) Preliminary Estimates: -15% to +3 0% accuracy, depending on 
the scope of the project. This technique is used to refine 
the order of magnitude estimate when additional data become 
available.
(3) Definitive Estimates: -5% to +15% accuracy. The purpose 
of the technique is to (a) provide for appropriation of funds 
or to establish a contract price (b) provide the basis for 
project cost status reports and (c) establish a format for 
final cost reports to assist accounting and provide feedback 
information on actual costs to use in future estimates and to 
improve existing methods.
(4) Detailed Estimates: -2% to 10% accuracy of actual project
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costs. This technique is normally suitable for accurate 
projections and funding for the project and provides a basis 
for authorization to proceed with construction and
development.
Cost estimation involves forecasting of capital and 
operating costs for a project. This involves predicting the 
cost of a work activity or work output. It depends on inputs 
from cost analysis, which is the process of studying and
organizing past costs and future estimates.
1.3 PURPOSE OP STUDY
The purpose of this study was to investigate the use of 
the direct operating cost data supplied annually in the 
Canadian Mining Journal Source Book, during the period of 
1986-91, as a basis for an order of magnitude or preliminary 
cost estimation procedure. The Mining Source Book data
provides information on underground mining unit costs as well
as geologic and technical description of each property.
Following sorting and indexing the historic costs to a 
1991 base, statistical models were used to predict operating 
costs as a function of capacity.
The study is presented in the following chapters with 
chapter two presenting the methodology employed to design the 
cost models. Chapter three presents the cost models for 
various underground mining methods. The final chapter
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presents a comparison of the cost models with other published 
information and provides a discussion of results.
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CHAPTER TWO 
REVIEW OF COST ESTIMATION TECHNIQUES AND 
METHODOLOGIES
2.1 DATA SOURCES AND DATABASE
Cost estimation requires implements that must be 
available or collected to perform the estimating function. 
The principal tools are information, methods and a plan for 
the estimate itself.
A database was established from underground metalliferous 
mines data compiled from the Mining Source Book published 
annually by the Canadian Mining Journal. Editions used 
include periods between 1986 and 1991. A computerized 
database was used because of the volume of data that was to be 
stored and made available for rapid retrieval. The database 
was sectioned to accommodate the various information on the 
operating mines. The first section contains the various mine 
operations with their respective unit costs. These unit costs 
include drilling, blasting, ground support and others. This 
section also contains information on daily capacity for the 
individual mines. The mines were sorted according to mining 
method (Appendix A). The second section contains general mine 
information such as name of mine, location, minerals 
recovered, ore type and host rock type (Appendix B).
The third section of the database has stoping information
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such as drilling equipment used, hole diameter, drill pattern, 
explosives used, powder factors used by the individual mines 
and other technical information such as recovery percentages, 
dilution percentages, and productivity. The objective of the 
broad database was to allow analysis of cost-explanatory 
variables.
Table 1 is an example of the cost information section of 
the database for the shrinkage technique. The mines reported 
cost data associated with a particular mining method, but 
reported more than one mining method for each operating mine 
in most cases. However, percentages of production by mining 
method were provided for each mine. As shown in Table 1, 
these percentages were used to calculate the total ore and 
waste mined by each method. These have been shown as adjusted 
ore and waste. Costs for unit processes such as hoisting, 
crushing, power and others that are not specific to the mining 
methods being used to recover ore from the stopes have been 
shown for the purposes of later comparisons with some 
published information from other costs surveys.
The cost models were developed for direct cash costs of 
extracting ore from underground. The unit processes include 
supplies for drilling, blasting, ground support, backfilling, 
loading and hauling of stoped ore from the stopes, and the 
labor required to accomplish these tasks. All costs were 


















ER-4 3 60 9
Table 2 shows the mining methods, capacity ranges, 
productivities, and stope widths that describe the properties 
used in the development of the models.
Table 2
Capacity, Productivity, and Stope Width Ranges by Mining 
Method.









Shrinkage 33 1320 5 38 5 10
Cut and Fill 206 1955 3 75 10 60
Room and 
Pillar
92 2400 22 76 25 100
Longhole 187 3056 3 90 10 100
Blasthole 622 6000 7 89 35 100
Vertical 
Crater Retreat
641 1200 7 100 23 200
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Variations in mining and accounting practices might have 
contributed to the variations in cost information that were 
reported. It was therefore not an easy task to compare costs 
directly. Unless there is some form of familiarity with the 
accounting procedures, errors could easily result from using 
reported costs to estimate operating costs.
The relative uniqueness of each mining operation with 
respect to equipment spreads, labor intensity, mining methods, 
location and other factors, makes the estimation of operating 
costs most difficult because of the general inability to 
develop consistent cost estimating relationships and 
techniques (Gentry and O' Neil, 1984). To establish some form 
of consistency on the cost information, unusual data points 
were removed. * This has been discussed in detail in Section 
2.3. The elimination of the operating mines with these 





MINING METHOD ORIGINAL NUMBER OF 
MINES
NUMBER OF MINES 
WITH OUTLIERS 
REMOVED










Costs of equipment and operating costs change over time, 
primarily as a function of inflation. All costs were 
therefore updated to 1991 dollars using the Mining Index for 
Canada(Table 4). The cost index provides a means of making 
comparisons of costs or prices of a specific category of goods 
or services at specific points in time (Mutmansky, Suboleski, 
O ’Hara and Prasad, 1992) . The general equation to update a 
cost value is:
Current cost = Past Cost * (Current cost index/Past cost 
index).
A component by component procedure was used to update the 
costs to 1991. Mine wage was used to update labor costs, bits 
and steel for drilling costs, explosives for blasting costs, 
electricity for power costs, and equipment parts for mucking, 
haulage, hoisting, and crushing. For unit operations such as 
backfilling and services where no index was available, the 
exchange ratio index was used. An application of this 
principle is shown in Section 2.2.1.
The United States Currency Index version of the Mining 
Index was used to get all costs in U.S currency. The U.S 
version is a conversion from the Canadian Mining Cost Index. 
The conversion was done by means of exchange ratios shown in 
column 13 of Table 4. The exchange ratio relates the exchange 
rate of the period being converted to the exchange rate of the
ER-4 3 60 14
base period (1975) for the index. An example of the 
conversion is shown in section 2.2.1.
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Table 4
Mining Cost Indexes for Canada 
Local Currency Index




\E W WAGE WAGE .TARTS STfflL TUBER RJBL
to o •57.7 550 7X4 SSLS 5X3 512
M71 ' OO 8X1 722 8X7 722 548
M72 80.4 8X4 741 8X7 074 573
i« n 74.1 752 773 8X8 t242 853
M74 8X4 8X4 873 841 1032 852
MTS IOQjO 10X0 1080 10X0 10X0 10X0
ten 1123 11X3 1073 1084 12X4 10X8
M7T m o 12X7 1143 1183 047 1213
MIS u u 1383 12Z3 1230 1713 1450
MTV 1513 .1483 13X0 144* 2003 15X0
Mao M U 18X7 14X0 1813 MX8 1083
MSI 1800 1810 1883. 17X2 M t2 2722
1082 2204 1080 1883 toxo 1473 3082
toss 2312 3083 20X8 1884 1873 3813
1004 2327 2083 2073 1023 1482 3873
MOO 2580 2083 . 2073 M8S 1083 30X7
MOO 2710 211.1 21X7 20X2 2113 3317
1087 27X8 2183 2100 2914 2043 3183'
1080 £8X8 21X2 2280 2133 MOO 29X4
1080 SOU 2310 237.1 21X3 MX4 2873
1000 3ZX0 2472 24X3 2083 1883 34X7
toot 3421 2823 2SQ3 2044 18X7 3541
met CONST OEM
VUGS RUBBER MATH. CHS* TRANS GLEC RATE
.283 707 8X4 813 7X7 7X5 10477
413 7X4 883 824 783 783 10008
448 745 714 8X3 703 7X7 08808
5X2 7X8 780 8X4 87.1 414 10091
783 811 8X4 8X5 8X4 8X8 03780
14X0 10X0 10X0 10X0 1003 10X0 10172
882 800 1085 1043 10X2 1183 03800
882 10X8 1123 1083 11X3 1523 13875
872 1083 1223 11X1 11X1 1883 11407
053 1203 1423 1341 1322 1848 11714
11X1 1441 1583 15X7 14X5 2X1 11802
1282 (604 1723 1733 1841* 23X5 11080
1414 1705 1872 1812 1722 12337
1387 1723 1811 1872 18X5 2403 12X24
14X3 1873 1082 2042 2013 3113 12051
14X4 1723 20X2 2011 2113 *252 13855
1382 1783 2143 1870 2117 33X6- •13805
1282 17X3 2223 29X8 20(2 3483 13200
1342 1783 23X7 2412 20X1 390 12307
1403 1814 24X3 2383 20X0 3883 .11040
1373 1882 24X3 2182 1003 3883 11888
p x r 1883 2483 21XS 10X8 4123 1(457
U.S Currency Index
MOGC 1 2 3 4 5 8IflNE CONST RUP 0RSXHEAR WAGE WAGE nxn STEEL TABER KIEL
1870 8530 5427 8825 ■ 5737 5468 4X71
1871 exso 8X58 73L73 8215 7273 5530
1872 7024 7020 7X14 8X45 •18030 5830
MTS 7X41 7X48 7832 8828 12832 8833
1874 8X7S 8X62 8142 8747 M734 3861
1875 . 10X00 ^ « » 18060 10030 10030 10Q3Q
1070 '11530 11X85 11X20 *11268 12421 10830
1877 11830 12405 10X04 11X65 12834 11X28
1878 1(7.10 12172 MOLTS 11227 15X02 13007
1870 13131 12730 115.40 12X30 17411 13X42
1980 14X88 13X61 13X15 14050 14437 17X18
1081 18121 15432 14254 1S204 15X77 200CBS
1082 16120 18225 15X63 15X14 12130 27721
1883 18032 17138 18X80 15X24 10230 28735
1084 18821 18X27 18X28 15061 14732 30417
1085 18X12 15X61 1S467 14X17 14X73 ‘ 20477
1088 10833 15454 15X45 14858 15X11 24230
1887 20830 18X15 18X41 15452 157.10 24458
1888 24238 17738 187.45 17X74 15730 24412
MOB 20X57* 18X28 20271 18475 18X55 25X34
MOO 28414 21X27 21210 18208 *18124 29038
1081 38X77* 23230 22214 (8148 18X10 31437
7 8 8 10 11 12 12
TB0S CONST EMCH
XPLOS RUBBER MATH. OEM TRANS ELEC RATO
2731 8X51 8030 7447 • 7138 0671
4213 7X88 0851 8238 7X38 7X58 1307
4X08 7858 7X33 8X05 82.10 7X82 1328sits 7737 7825 8734 8X58 8228 13(7
8218 8477 87.15 8X03 10028 8423 1340
10830 10030 10030 10030 10030 1300
8837 10030 10730 10831 t2020 1302
8240 10LM 10725 10482 10X80 14537 8358
7824 07.42 10X33 10X21 10821 15025 8302
8248 10431 12X28 11X45 115381 18058 0388
MO.M 12X31 13824 13821 12464 16451 0370
10X70 13X05 14820 15132 13X25 10831 0348*
11X30 14X57 15455 15730 14X32 21X24 0325
11447 14130 15727 16331 15X10 23X20 0325
11278 15171 15408 18082 15X10 24427 0785
10820 12X58 15147 14X70 157.75 24225 0745
0X74 12822 15730 14464 15437 24858 0732
8X08 15451 17080 15X44 15480 28X85 0787
11032 14732 10480 19X81 18X41 29138 0827
12058 15X87 20X77 20X00 17135 31525 0350
12X38 18221 21135 181.12 17427 33724 0372
*17263 18X82 21X62 18130 17472 yHlflT 0688
Source: U.S. Bureau of Mines, Denver.
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2.2.1 EXAMPLE OF COST UPDATING
(A) A Gold Mining Company using the shrinkage method 
gives the following breakdown of some of its operating costs 
in 1989:
Labor: $4.5/ton; Blasting Supply: $3.5/ton; Drilling Supply: 
$2.5/ton. Update these costs to 1991.
(B) Calculate the U.S. dollar denominated index for 1990 
from the Canadian Mine Wage Index using Table 4.
Solution for (A): Each cost category is updated using the most 
applicable cost indexes available. Using the U.S Currency 
Index version of Canadian Cost Index (Table 4), labor costs 
are updated using the mine wage index, blasting costs are 
updated using the explosive cost index. Drilling supply costs 
can be updated with mine drill bits. Component by component 
updates are made.
1991 Labor Cost: 1989 Labor Cost * (1991 Mine Wage
Index/1989 Mine Wage Index).
: $4.50/ton * (303.77/265.87) = $5.14/ton
1991 Blasting Supply Cost: 1991 Explosive Cost * (1991
Explosive Index/1989 Explosive Index)
: $3.50/ton * 122.63/120.56 = $3.56/ton
1991 Drilling Supply Cost: 1991 Drilling Cost * (1991
Bits and Steel Index/1989 Bits and Steel Index)
$2.5/ton * 181.48/184.75 = $2.45/ton
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Solution for (B) : Exchange rate (base year: 1975)/Exchange
rate (1990) = Exchange Ratio (1990).
1.0172/1.1668 = 0.8718
Refer to Table 4.
Canadian dollar index for 1990 * Exchange Ratio for 1990 = U.S 
dollar index for 1990.
325.9 * 0.8718 = 284.12
The difference between this calculated U.S dollar index for 
1990 and that shown in Table 4 of the U.S Currency Index 
version (Mine wage for 1990) is due to differences in the 
number of decimal places used.
Note that the base year of the mine wage index is 1975 
and the exchange rate is in units of Canadian dollars per one 
U.S. dollar.
2.3 STATISTICAL ANALYSIS
For the development of any meaningful and valid cost 
estimate, it is significant that data analysis and data 
interpretation are carried out. Since statistics deals with 
the description, analysis, and interpretation of data that are 
subject to variations in measurement and prediction, it was 
used in analyzing the data.
Generally, the best fit is thought of as that curve that 
minimizes the sum of the vertical distances from the cost 
estimation relationship line to the data points above or below
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the line. In other words, the least square regression line 
that minimizes the sum of absolute value of experimental 
deviations is chosen as the mathematically best fit data. 
Not all the data on the cost information provided by the 
various mines were used in the development of the models. 
There were some cases of inconsistent cost reporting. Some of 
the mines combined costs for a particular unit operation with 
other operations that were not related to the stoping 
operation. In other instances, incomplete cost data on unit 
operations were given. Some mines reported only total direct 
costs without any breakdown of costs for unit operations. It 
was not clear whether other costs not related to stoping (e.g. 
hoisting) had been included in these costs. A general plot 
that included these data points was done with the MINITAB 
STATISTICAL SOFTWARE (PWS-KENT Publishing Company, 1985). The 
scatter of the data points tends to undermine confidence in 
the estimate since these observations were outliers that had 
strong influence on the fitted regression function. These 
outlying points were therefore eliminated.
The types of relationship that best matched the models 
were investigated. Linear relationships were in the inverse 
form and the coefficients of determination were generally less 
than eighty percent. However, a log-log plot of the data 
showed remarkable improvements in the coefficients of 
determination. This led to the conclusion that the
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relationships were exponential.
After determining which equation form produced a best fit 
through the data, the next step was to derive the mathematical 
equation for the cost estimation relationship. Mathematical 
relationships were determined by computerized statistical 
analysis of the best fit of the data to an equation in the 
form:
where Y represents costs and T represents the capacity. 11 A" 
and "B" are constants that are determined by a regression of 
"T" on "Y" (Wellmer, 1989) . The regression line of such a 
relationship appear as a straight line on a log-log paper and 
was therefore the most appropriate to use.
Even though linear regression is the most common 
application of regression analysis, most engineering processes 
including mining follow this geometric regression 
relationship. Solutions for "A" and "B" were computed by 
taking the logarithmic values of the linear regression from 
the equation:
Y=A ( T) B (1)
L N (Y )  =LN (A )  + [ (B) x L N ( T )  ] (2 )
b - .^ L  (LN T i ) (LNYi ) -  ( ]T  LN T ±) ( £  LNYd) 
( LNT i ) 2- (J 2  LN T±) 2
(3)
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A-EXP (LNYd) -BY, (LNTi) 3 (4)
N
The coefficient of determination is calculated from:
{LNTi) (LNYj)  -  LNTj)  (]T LNY±) ] 2 (5)
[N%2 (LNTi)2-iY^LNTi)2] (LNY^'^-i^LNY^2]
where "N” is the number of data points and R squared (R-sq) is 
the coefficient of determination. This is also referred to as 
the square of the correlation coefficient and it indicates the 
scatter of the data points that are explained by the linear 
regression of the logarithmic values. Generally speaking, the 
correlation is considered weak if R-sq < 0.5, moderate if 0.5 
< R-sq<0.8, and strong if R-sq >0.8 (T.W. Camm, 1992).
The correlation coefficient (R) will represent an 
important measure of the accuracy of the estimates. When 
squared, it represents the percentage of the variation in the 
data explained by the regression. Solving for the constants 
"A” and "B" facilitated the estimation of costs at various 
capacities.
The estimated values at the data points (Yi) provide a 
measure of how well the regression line conforms to the raw 
data. If the line passed exactly through each data point, the 
estimated values (Yi) will correspond to the raw data points
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(Y) . The sum of the squared deviations from the line will 
then be zero. This was however not the case in the study.
It was therefore necessary to undertake a statistical 
test to determine the validity of the models. To determine 
the variation of the dependent variable, sum of squares due to 
regression (SSR) was used. This is defined as:
Yi is estimated values of cost from the best fit equation 
and "N" is the number of data points. This relationship 
provides a measure of the variation of regression line around 
the mean (Davis, 1973). In order to conduct an F-test (used 
to determine equality of variances) , the sum of sguares due to 
deviations (SSD) was also computed. This is also defined as:
Y is observed cost data. The hypotheses below were then
SSR= (6)
SSD=Y, (Yj~Y) 2 (7)
tested.
H0: a2 = a2 iy.x)
: o2*a2 (y. x)
Sigma squared y.x is the variance about the regression
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line. A 5% level of significance was used in all cases. This 
test statistics follows an F-distribution with degrees of 
freedom VI and V2.
The Shrinkage mining method for instance, had degrees of 
freedom Vl=l and v2=6. The critical region therefore consists 
of values exceeding F=5.99 (from statistical tables). If the 
variance about the regression line is no different than the
variance in the observations, the computed test value will
fall in a critical region.
A summary of results of such a test for the logarithmic 
values of data from the shrinkage technique is shown in Table 
5. The F-test had a value exceeding 5.99, indicating that the 
variance about the regression line is no different than the
variance in the observations. Figures 1 and 2 show examples
of general scatter plots of the raw data before and after the 
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Scatter Plot of Data for Shrinkage with Outliers
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Scatter Plot of Data for Shrinkage without Outliers
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2.4 GENERAL METHODOLOGY
Based on the representative daily capacity for each 
mining method, together with other pertinent data, the total 
1991 operating costs were computed for each capacity. The 
cost data ranged between 19 8 6 and 19 91 operating scenarios. 
It was therefore necessary to normalize the database by 
converting them to monetary values of a common year (1991). 
Regression analysis was then used to generate operating cost 
equations for each mining method in the form of equation one 
in Section 2.3.
A summary of each of the cost models, with corresponding 
square of correlation coefficient (R-squared), and number of 




OPERATING COST MODELS FOR MINING METHODS
The subsequent sections describe the cost models for the 
different mining methods. Detailed description of the mining 
methods was not reproduced in this treatise in view of the 
numerous books available for references (e.g., Hustrulid, 1982 
and Hartman, 1992). For each mining method, the section 
contains a brief description of the mining method as well as 
a review of the raw data. Following the data review are the 
results of the regression including the cost model, 
correlation coefficient, and a plot of cost versus capacity 
curve.
There are other factors which impact productivity and 
costs. These include stope width, equipment size, dilution and 
recovery factors and others. Attempts were made to develop 
some predictive relationships as a function of operating 
costs, daily capacity, stope widths and others. These 
include:
(1) Stope width versus daily capacity to determine their 
influence on productivity.
(2) Productivity versus operating costs.
(3) Percentage dilution of ore by wallrock versus stope width 
and stope dip.
(4) Recovery and dilution versus total operating costs and
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labor costs.
(5) A multiplier for labor costs and supply costs.
Meaningful conclusions could not be made based on the existing 
data set. These topics were therefore not pursued further.
3.1 SHRINKAGE STOPING
The shrinkage stoping technique and the cost model for 
this method have been discussed.
3.1.1 DATA REVIEW
Shrinkage methods are often used in steeply dipping vein- 
type deposits, where the ore and walls are competent enough to 
stand with little or no support.
Machinery used is relatively limited, generally including 
jackleg and stopers for stope drilling and LHDs for ore 
movement. No backfill is required because ore left in the 
stope serves as support as well as a work platform. The 
shrinkage technique can lead to excessive dilution in poor 
ground when drawing stope empty. Ore is also tied-up in 
producing stopes, until the entire stope is broken.
Table 6 shows the mines that were used in developing the 
cost model and other cost drivers. As shown in Table 6, stope 
recovery ranges from 90% to 100% indicating very high 
recoveries. They all have steep veins with dips ranging from 
55 degrees to 90 degrees. The average cost per ton of
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extracting ore from a stope is $18.59 with a range of $12.40 
to $28.98 Table 7 shows stoping information for the 
individual mining properties. Equipment used in drilling are 
mainly jackleg and stopers. Explosives used in the stopes 
include ANFO, AMEX, NILITE and others.
3.1.2 OPERATING COST MODEL
The shrinkage stope model is valid for capacity ranges 
between 3 3 and 13 2 0 tons per day. As emphasized at the 
beginning of this chapter, these models reflect direct stoping 
costs and do not include unit operations that are not specific 
to the shrinkage method used to recover ore from the stopes. 
Table 8 shows the direct cost model for shrinkage stoping and 
Figure 3 shows the stoping cost curve.
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Table 6
Details of Mines Used in Developing Model for Shrinkage
MINE CAPACITY OPERATING MUCK. VEIN
(TONS/D) COST($/TON) EQUIP. WIDTH(FT)
SMDC, STAR LAKE** 33 28.98 JCI 220 7
CORP. FALC COPPER**** 88 23 . 63 CAVO 320 6
GIANT YEL.,SALMITA***** 260 20. 11 JCI 250M 8
AUDREY RESOURCES INC 360 14 . 63 LM 56
CAMBOIR, YVAN VEZINA** 683 12.40 AC LM 56 7
LAC MINERALS, DOYON*** 1320 12.77 SLUSHER 10
CANAMAX, BELL CREEK* 600 13.74 EIMCO 922 5
MINNOVA INC, OPEMISKA* 120 22.48 CAVO 32 0 6
MEAN 433 18.59
MINE STOPE DILUTION RECOVERY PRODUCTIVITY
DIP
(DEG) (%) (%) (T/M.SHIFT)SMDC, STAR LAKE** 85 10 100
CORP. FALC COPPER**** 80 15 90 25
GIANT YEL., SALMITA***** 80 23 96 38
AUDREY RESOURCES INC 90 10 95 5
CAMBOIR, YVAN VEZINA** 55 5 95 35
LAC MINERALS, DOYON*** 65 30
CANAMAX, BELL CREEK* 75 15 100 30
MINNOVA INC, OPEMISKA 70 15 100 20
NOTE: No Asterisk (1991), * 1990, ** 1989, *** 1988, **** 1987 
***** 1986. All costs have been updated to 1991.
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Table 7
Stoping Information for Shrinkage Mines
MINE DRILL HOLE DRILL
EQUIPT. DIAMETER PATTERN
(INCHES) (FT)
SMDC, STAR LAKE** GD JACKLEGS 1.25
CORP. FALC. COPPER**** STOPER & JACKLEG 1.25
GIANT YEL., SALMITA***** JACKLEGS 0.88
AUDREY RESOURCES INC. JACKLEGS 1.25
CAMBOIR ,YVAN VEZINA** SECAN 24 0 1.25 3 BY 3
LAC MINERALS, DOYON*** JACKLEG & STOPER 1.25
CANAMAX, BELL CREEK* JACKLEG & STOPER 1.38 4 BY 4
MINNOVA INC, OPEMISKA* JACKLEG 1.25 7 BY 6
MINE SCALING EXPLOSIVES POWDER
METHOD USED FACTOR
(LB/TON)
SMDC, STAR LAKE** HAND SCALING AMEX 0.29
CORP. FALC., COPPER**** HAND SCALING ANFO 1.20
GIANT YEL., SALMITA***** HAND SCALING AMEX, POWERMEX 1.30
AUDREY RESOURCES INC. HAND SCALING
CAMBOIR INC, YVAN VEZINA** HAND SCALING ANFO 1.50
LAC MINERALS, DOYON*** HAND SCALING ANFO
CANAMAX, BELL CREEK* HAND SCALING NILITE, TOVEX
MINNOVA INC, OPEMISKA* HAND SCALING ANFO 0.40
Note: No asterisk (1991), * 1990, ** 1989, *** 1988, 
**** 1987, ***** 1986.
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Table 8
Direct Stoping Cost Model for Shrinkage










Y is the operating cost in $/ton. T is the capacity (tons of 
ore and waste mined per day) . A = 73 and B = -0.25 are 






















Stoping Cost Curve for Shrinkage.
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3.2 CUT AND FILL STOPING
A brief discussion of the cut and fill technique, a 
review of the data and the cost model are presented in the 
sections that follow.
3.2.1 DATA REVIEW
Cut and fill is suitable for steeply dipping, vein or 
massive orebodies of varying widths, in ground ranging from 
competent to bad. A steep dip is required for very narrow 
veins. This technique is amenable to mechanization and it is 
a very flexible and selective method. The method is
relatively safe and waste can be left in the stope as fill. 
Machinery used includes jumbo drills, jacklegs and stopers for 
drilling stope breasts, scrapers or, more generally, LHDs for 
mucking and ore transport from the stopes to orepasses. This 
method provides good ore recovery, low dilution and is 
adaptable to varying rock conditions. Filling cycles
sometimes slow down mining if an adequate number of stopes are 
not available.
Table 9 shows the mines used in developing the stoping 
cost model. Other stoping details characteristic of the 
mining operations can be found in Table 10. Ore recovery 
ranges from 85% to 100%. Stope dips range from 45 degrees 
to 70 degrees.
The average operating cost of extracting ore from the
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stopes is $19.38/ton. The costs range between $12.33/ton and 
$36.21/ton. Productivity ranges from 3 tons/manshift to 75 
tons/manshift.
3.2.2 OPERATING COST MODEL
The cut and fill model is valid for capacities between 349 
tons and 1955 tons per day. The model and results of 
correlation are shown in Table 11 and plotted in Figure 4.
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Table 9
Details of Mines Used in Developing Model for Cut and
Fill
MINE CAPACITY OPERATING MUCK. VEIN WIDTH
(T/D) COST($/T) EQUIPT. (FEET)
HUDSON BAY, STALL LAKE**** 840 20.35 WAGNER 60
PLACER DOME, DOME* 1134 14 .89
TECK CORONA, DAVID BELL** 405 31. 15 10
DETOUR LAKE MINE*** 1306 15.56 WAGNER 50
DICKENSON MINE, AW WHITE*** 640 24.39 CAVO 310
NORTHGATE, COPP. RAND***** 1900 12.41 LHDS 20
BLACKDOME MINING CORP.* 206 36.21
HUDSON BAY, TROUT LAKE**** 1955 12 .33 EIMCO 40
NORTHGATE MINE, PORTAGE**** 1265 14 . 9 CAVO 50
WEST. CANADA (COPPER RAND) 1254 13 . 16 SLUSHER 20
WESTMINER CANADA(PORTAGE) 752 17.76 SLUSHER 35
MEAN 1060 19. 38
MINE STOPE DIL. REC. PRODUCTIVITY
DIP
(DEG) (%) (%) (T/M.SHIFT)
HUDSON BAY, STALL LAKE**** 45 15 95
PLACER DOME, DOME* VARIES 7 85 20
TECK CORONA, DAVID BELL** 50 30 100 17
DETOUR LAKE MINE*** 50 10 100
DICKENSON MINE, AW WHITE*** VARIES 10 100 12
NORTHGATE, COPP. RAND***** 65 5 95 11
BLACKDOME MINING CORP.* 70 20 100 20
HUDSON BAY, TROUT LAKE**** 50 12 100 75
NORTHGATE MINE, PORTAGE**** 50 12 88 25
WEST. CANADA (COPPER RAND) 65 5 95 4
WESTMINER CANADA(PORTAGE) 50 18 95 3
Note: No asterisk (1991), * 1990, ** 1989, *** 1988, **** 1987 
***** 1986. All costs have been updated to 1991.
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Table 10
Stoping information for Cut and Fill Mines
MINE DRILL HOLE DRILL
EQUIPT. SIZE PATTERN
(INCHES) (FEET)
HUDSON ,STALL LAKE**** 2 BOOM JC 1. 25
PLACER DOME* JUMBOS 1. 25 4 BY 4
TECK DAVID BELL** ELEC-HYD BOOM 2 .13
DETOUR LAKE MINE*** 1/2 BOOM BOART 1.25 3 BY 3
DICKENSON, AW WHITE*** TAMROCK H 107L 1.25 3 BY 3
NORTHGATE, COP.RAND***** GD 8 3 JACKLEG 1.25 3 BY 3
BLACKDOME CORP.* SECAN STOPER
HUDSON, TROUT LAKE**** JUMBO 1.75 3 BY 5
NORTHGATE, PORTAGE**** JOY JACKLEGS 1.25 4 BY 4
WEST. CANADA(COPP. RAND) JACKLEGS 1.25 3 BY 3






HUDSON BAY, STALL LAKE**** HAND SCALING ANFO 1.2
PLACER DOME* HAND SCALING ANFO
TECK-CORONA, DAVID BELL** HAND SCALING ANFO
DETOUR LAKE MINE*** HAND SCALING AMEX 0.4
DICKENSON MINES, AW WHITE*** HAND SCALING AMEX
NORTHGATE, COPP. RAND***** HAND SCALING AMEX 1.8
BLACKDOME MINING CORP* HAND SCALING
HUDSON BAY, TROUT LAKE**** TAMROCK SCALER ANFO 0.6
NORTHGATE MINES, PORTAGE**** HAND SCALING AMEX 1.9
WEST. CANADA (COPP. RAND) HAND SCALING ANFO 1.3
WESTMINER CANADA (PORTAGE) HAND SCALING ANFO 1.2




Direct Stoping Cost Model for Cut and Fill






7=672 ( T) -°'53
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Y is the operating cost in $/ton, T is the capacity (tons of 
ore and waste mined per day). A = 672 and B = -0.53 are 

























Stoping Cost Curve for Cut and Fill
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3.3 ROOM AND PILLAR STOPING
The room and pillar technique has been briefly described. 
A data review and a description of the cost model for this 
technique have also been presented.
3.3.1 DATA REVIEW
Room-and-pillar mining is a method in which multiple 
stopes, or rooms, are mined while the roof and walls are 
supported by pillars of rock, usually ore. This method is 
suitable for bedded or relatively flat-lying uniform 
(thickness) orebodies, preferably with roof rock relatively 
competent. Ore bodies with dips of less than 4 0 degrees, and 
with moderate to large lateral extent are suitable for this 
method. The size of the pillars and the rooms is primarily 
dependent on ground conditions and the thickness of the 
deposit.
Table 12 is a summary of the mines that were used in 
developing the cost models. Other technical information on 
these mines are shown in Table 13. Room-and-pillar technique 
generally has a moderate recovery because part of the ore is 
used as pillars for support. Stope dips for the mines range 
from 20 degrees to 3 3 degrees which are on the upper range of 
dips for this technique. The average cost per ton of 
extracting ore with this technique is $24.50/ton with a range 
between $6.17/ton and $69.50/ton. Percentage dilution
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remained constant at 10% for all the mines except one, which 
reported a 5% dilution.
3.3.2 OPERATING COST MODEL
This model is valid for capacity ranges between 92 and 
2400 tons per day. The model and correlation results are 
shown in Table 14 and plotted in Figure 5.
ER-4 3 60 42
Table 12
Details of Mines Used in Developing Model for Room and
Pillar Mines
MINE CAPACITY OPERATING MUCK VEIN
(T/D) COST($/T) EQUIPT. WIDTH 
(FT)
NANISIVIK MINES LTD.* 2300 6. 17
DOMINION, DURHAM** 468 15.19 SLUSHER 25
WESTMIN, LYNX/MYRA***** 92 69.50 SLUSHER 100





(DEG) (%) (%) (T/M.SHIFT)
NANISIVIK MINES LTD.* 10 100 76
DOMINION EXPL., DURHAM** 33 10 75 22
WESTMIN, LYNX & MYRA***** 30 10 85 31
MACLAREN FOREST, GASPE**** 2 0 5 75 45
Note: No Asterisk (1991), * 1990, ** 1989, *** 1988, **** 1987
***** 1986. All costs have been updated to 1991.
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Table 13






NANISIVIK MINES LTD.* 3 JC MJM 21 1.75
WESTMIN, LYNX & MYRA*****
MACLAREN FOREST, GASPE**** 2 BOOM JUMBO 1.88 





4.0 BY 4.0 
2.5 BY 2.5
MINE
NANISIVIK MINES LTD.* 
WESTMIN, LYNX & MYRA***** 


















Note: * 1990, ** 1989, *** 1988, **** 1987, ***** 1986.
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Table 14
Direct Stoping Cost Model for Room and Pillar








Y is the operating cost in $/ton, T is the capacity (tons of 
ore and waste mined per day). A = 1487 and B = -0.70 are 
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Figure 5
Stoping Costs Curve for Room and Pillar
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3.4 LONGHOLE STOPING
The longhole technique has been briefly described. A 
review of the data and a description of the model have also 
been presented.
3.4.1 DATA REVIEW
Longhole mining method is mostly used in vertical and 
steeply dipping ore bodies. Improvements in purcussive 
drilling machines particularly from the introduction of 
hydraulic booms and independent rotation with stronger 
thrusts, have enabled longer holes to be drilled at higher 
penetration rates. It is now expedient to drill holes of up 
to 100 feet or more in softer ores. Open stopes of over 100 
feet in height can be drilled and worked with only a drill 
drive at the top and bottom main levels. The ore is blasted 
a slice at a time and loaded from draw points at the bottom of 
the stope. LHDs are used to move the ore.
Table 15 shows a listing of mines whose data was used in 
the study. Other technical information on these mines are 
shown in Table 16. The average operating cost for this 
technique is $12.26/ton with a range of $4.37/ton to 
$18.55/ton. Ore recoveries range from 80% to 100% with 
dilutions as high as 25%.
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3.4.2 OPERATING COST MODEL
The Longhole model is valid for capacities between 187 
and 3 056 tons per day. The model and results of correlation 
are shown in Table 17 and plotted in Figure 6.
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Table 15
Details of Mines Used in Developing Model for Longhole
MINE CAPACITY OPERATING MUCK VEIN
(TONS/D) COST($/T) EQUIP. WIDTH
(FT)
SOCIETE MINIERE LOUVEM** 450 11.31 EIMCO 21 12
HUDSON BAY, STALL LAKE***** 420 11.70 23
PLACER DOME, DOME * 1008 9.91 LHD
LAC MINERALS, DOYON*** 1800 7.50 SLUSHER 10
KIENA MINES, LOWER ZONE*** 400 15.28 JC JS500 30
SOCIETE MINIERE, CHIMO**** 640 12.31 EIMCO 21 12
SMDC, STAR LAKE** 187 18.55 JCI 220 30
TECK CORONA, DAVID BELL* 750 16.10 JC JS600 30
CHENI GOLD MINES LTD. 420 15. 60 SLUSHER
COMINCO LTD., POLARIS 3056 4.37 SLUSHERS 100
MEAN 913 12.26
MINE STOPE DIL. RECOVERY PRODUCTIVITY
DIP (%) (%) (T/M.SHIFT)
SOCIETE MINIERE LOUVEM** 70 20 100 15
HUDSON, STALL LAKE***** 73 20 80 13
PLACER DOME, DOME* 25 95 90
LAC MINERALS, DOYON*** 65 15
KIENA, LOWER ZONE*** 90 100
SOCIETE, CHIMO**** 70 10 95 12
SMDC, STAR LAKE** 85 10 100
TECK, DAVID BELL* 62 10 100 18
CHENI GOLD MINES LTD. 70 10 100 3
COMINCO LTD., POLARIS 15 80
Note: No asterisk (1991), * 1990, ** 1989, *** 1988, **** 1987 
**** 1986. All costs have been updated to 1991.
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Table 16
Stoping Information for Longhole Mines
MINE DRILL HOLE DRILL
EQUIPT. SIZE PATTERN
(IN.) (FEET)
SOCIETE MINIERE LOUVEM** 
HUDSON BAY, STALL LAKE***** 
PLACER DOME, DOME*
LAC MINERALS, DOYON***
KIENA MINES, LOWER ZONE*** 
SOCIETE MINIERE, CHIMO**** 
SMDC, STAR LAKE**
TECK CORONA, DAVID BELL* 
CHENI GOLD MINES LTD. 
COMINCO LTD., POLARIS
AC BBC 120 2.0 4 BY 4
JUMBOS 2 . 0
BBC 120 2.5
CMS CD 3 60 1.5
BBC 120 2 . 0 4 BY 4
TAMROCK 1-B 2.2 5 BY 4
TAMROCK 6 BY 6
GARDNER STD 2.5 5 BY 3
2GD AIRTRACKS 3.0 6 BY 7
MINE SCALING EXPLOSIVES POWDER
METHOD FACTOR
(LB/T)
SOCIETE MINIERE LOUVEM** 
HUDSON BAY, STALL LAKE***** 
PLACER DOME, DOME*
LAC MINERALS, DOYON***
KIENA MINES, LOWER ZONE*** 
SOCIETE MINIERE, CHIMO**** 
SMDC, STAR LAKE**
TECK CORONA, DAVID BELL* 
CHENI GOLD MINES LTD. 
COMINCO LTD., POLARIS
HAND SCALING CANEX 0 . 5
ANFO
HAND SCALING ANFO
HAND SCALING ANFO 1.00
HAND SCALING TOVEX 0.75
HAND SCALING AMEX 0.29
HAND SCALING ANFO 1.35
HAND SCALING ANFO 1.00
MECH. SCALER
Note: No asterisk (1991), * 1990, ** 1989, *** 1988, **** 1987
***** 1986.
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Table 17
Direct Stoping Cost Model for Longhole
DIRECT STOPING COST 
MODEL
NUMBER OF | CORRELATION
I
OBSERVATIONS | COEFFICIENT SQUARED
Y= 247 ( T) ~0"17
10 80%
Y is the operating cost in $/ton. T is the capacity (tons of 
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Figure 6 
Stoping Cost Curve for Longhole
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3.5 BLASTHOLE STOPING
A brief description of the blasthole technique, a review 
of the data and the cost model have been presented.
3.5.1 DATA REVIEW
The blasthole stoping technique is an open stoping method 
that is suitable for steeply dipping, massive orebodies of 
varying widths, generally in competent ground. The method is 
characterized by a comparatively high development to stoping 
ratio. However, the majority of development is in ore. The 
drilling, blasting, and loading operations are performed 
independently, and equipment utilization is high. Dilution 
with waste rock may occur if ore boundaries are irregular or 
if caving occurs, but ore recovery is normally very good. 
Machinery used includes drill rigs for blasthole drilling and 
slushers, scrapers, and load haul dump machines for ore 
transport to draw points.
A summary of the mines used and other technical 
information are shown in Tables 18 and 19. Most of the mines 
recorded production above 1000 tons per day which is typical 
of the high production rate of this technique. The technique 
has an average stoping cost of $9.85/ton with direct costs 
ranging from $2.20/ton to $19.58/ton.
ER-4360 53
3.5.2 OPERATING COST MODEL
The model is valid for capacity ranges between 622 tons 
per day and 6000 tons per day. The cost model and results of 
correlation are shown in Table 20 and plotted in Figure 7.
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Table 18
Details of Mines Used in Developing Model for Blasthole
MINE CAPACITY OPERATING MUCK VEIN
COST EQUIPT. WIDTH
(TONS/D) ($/TON) (FEET)
ALGOMA STEEL MACLEOD** 6000 2.20 LHD VARIES
MINES SELBAIE 1895 8 . 87 WAGNER 100
COMINCO POLARIS*** 3150 5.25 WAGNER 50
NORANDA, NORITA**** 835 9.42 WAGNER 35
PAMOUR, ROSS***** 622 19 . 58 EIMCO 60
BARRICK, CAMFLO**** 1303 13 .75 EIMCO 80
MEAN 2301 9 . 85
MINE STOPE DIL REC PRODUCTIVITY
(DEGREES) (%) (%) (t /m .SHIFT)
ALGOMA STEEL MACLEOD** 70 15 90 89
MINES SELBAIE 70 10 95 7
COMINCO POLARIS*** 100 60
NORANDA, NORITA**** 90 10 3 0
PAMOUR, ROSS***** 80 20 95 12
BARRICK, CAMFLO**** 80 20 100
Note: No asterisk (1991), * 1990, ** 1989, *** 1988, **** 1987
***** 1986. All costs have been updated to 1991.
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Table 19
Stoping information for Blasthole Mines
MINE DRILL HOLE DRILL
EQUIPT. DIAMETER PATTERN
(INCHES) (FEET)
ALGOMA STEEL, MACLEOD** BOART S36 2.12 10 BY 10
MINES SELBAIE 1-RCMMM1 6.50 10 BY 10
COMINCO, POLARIS*** TAMROCK 3.00 6 BY 7
NORANDA, NORITA**** TAMROCK 6.50 10 BY 12
PAMOUR PORCUPINE, ROSS***** 1-RCMMM1 6.50 10 BY 10
AMERICAN BARRICK, CAMFLO**** BBC 120 2.00 3FT RINGS
MINE SCALING EXPLOSIVES POWDER
METHOD USED FACTOR
(LB/T)
ALGOMA STEEL, MACLEOD** HAND/MECHANICAL ANFO 0.5
MINES SELBAIE HAND SCALING ANFO 2.3
COMINCO, POLARIS*** HAND/MECHANICAL ANFO 1.0
NORANDA, NORITA**** HAND SCALING AQUAMEX
PAMOUR, ROSS***** AQUAMEX
BARRICK, CAMFLO**** HAND SCALING TOVEX 1.1




Direct Stoping Cost Model for Blasthole
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Y is the operating cost in $/ton and T is the capacity in 
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Figure 7
Stoping Cost Curve for Blasthole
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3.6 VERTICAL CRATER RETREAT STOPING
The vertical crater retreat method, data review and the 
cost model have been discussed.
3.6.1 DATA REVIEW
The vertical crater retreat mining method is used on 
vertical or steeply dipping ore bodies. Down-the-hole drills 
are used for production, with small jumbos used for drift 
development. LHDs move the ore.
The vertical crater retreat stopes are excavated in 
horizontal slices starting from the bottom, and a portion of 
broken ore can remain in the stope for support similar to 
shrinkage stoping.
Tables 21 and 2 2 show the mines used in the study with 
costs and stoping details. The average stoping cost is 
$11.19/ton ranging between $2.39/ton and $28.59/ton.
3.6.3 OPERATING COST MODEL:
The model is valid for operations with daily mining 
capacities of 641 to 12 00 tons per day. Table 2 3 shows the 




Details of Mines Used in Developing Model for Vertical 
Crater Retreat Mines
MINE CAPACITY OPERATING MUCK VEIN
COST EQUIPM. WIDTH
(TONS/D) ($/TON) (FT)
GIANT YEL., NO.l*** 1200 2 . 39 LHD 100
GIANT YEL., ROSS*** 641 28. 59 WAGNER 60
HUDSON, AND. LAKE**** 691 7 . 49 WAGNER 200
HUDSON, SPRUCE POINT**** 893 6.31 WAGNER 23
MEAN 856 11. 19
MINE STOPE DILUTION RECOVERY PRODUCTIVITY
(DEGREES ) (%) (%) (T/M.SHIFT)
GIANT YEL., NO.l*** 72 10 90 100
GIANT YEL., ROSS*** 80 20 95 10
HUDSON, AND. LAKE**** 69 20 100 7
HUDSON, SPRUCE POINT**** 7 3 20 100 13 .
Note: No asterisk (1991), * 1990, ** 1989, *** 1988, **** 1987 
***** 1986. All costs have been updated to 1991.




MINE DRILL HOLE DRILL
EQUIPM. DIAMETER PATTERN
(INCHES) (FEET)
GIANT YEL., NO.1*** I—R CMM1 6.5 10 BY 10
GIANT YEL., ROSS*** JUMBO 6.5 10 BY 10
HUDSON, AND . LAKE**** D.H.D LHD6 6.5 10 BY 10
HUDSON, SPRUCE POINT**** I-R CMM1 6.5 10 BY 10
MINE SCALING EXPLOSIVES POWDER
METHOD USED FACTOR
(IB/T)
GIANT YEL., NO.1*** HAND SCALING AQUAMEX
GIANT YEL., ROSS*** HAND SCALING AQUAMEX
HUDSON, AND. LAKE**** HAND SCALING AMEX 1.6
HUDSON, SPRUCE POINT**** HAND SCALING AQUAMEX 1.2
Note: No asterisk (1991), * 1990, ** 1989, *** 1988, **** 1987
***** 1986.
Table 23
Direct Stoping Cost Model for Vertical Crater Retreat








Y is the operating cost in $/ton, T is the capacity in 
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Figure 8 
Stoping Cost Curve for VCR
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CHAPTER FOUR 
GENERAL DISCUSSION
4.1 STOPING AND COSTS
The operating costs of the various mining methods 
analyzed in this study apply under conditions that are 
characteristics of the mines that were used in the analysis. 
The cost data from comparable metalliferous mines in Canada 
with the same industrial standard was used. Anyone trying to 
apply the models should ensure that the following criteria are 
met:
(1) Equipment requirements and usages are similar.
(2) Labor requirements are comparable, and the tasks 
accomplished are analogous to situations in Canada.
(3) Similar technical parameters exist. These include drill­
hole size, hole spacing, explosive type and others.
(4) Costs have been updated to 1991 U.S dollars.
(5) Any user must adjust these models to suit the actual 
geographical location of the property.
It is apparent from the cost models that a decrease in 
costs occurs as a result of an increase in the capacity of 
operations. However, the variation of operating costs with 
capacity is exponential rather than arithmetic. The reduction 
in operating costs as a result of increasing capacity is 
primarily due to efficiency as a result of better utilization
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of equipment, better engineering, planning, management and 
general operations (economies of scale in unit operation).
Table 2 4 shows a summary of the cost models for the 
mining methods. Figure 9 also shows stoping cost curves for 
all the mining methods. These are within range of capacity 
applicable to all the mining methods.
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Table 24 
Summary of Cost Models
MINING METHOD NUMBER CAPACITY COST
RANGE RANGE
SHRINKAGE 8 33-1320 12.40-28 .98
CUT AND FILL 11 349-2210 12.33-36 .21
ROOM AND PILLAR 4 92-2400 6.17-69. 50
LONGHOLE 10 187-3056 4.37-18. 55
BLASTHOLE 6 622-6300 2.20-19. 58
VCR 4 641-1200 2.39-28. 59
MINING METHOD CONSTANT CONSTANT CORRELAT
(A) (B) SQUARED
SHRINKAGE 73 -0. 25 93
CUT AND FILL 672 -0. 53 94
ROOM AND PILLAR 1487 -0.70 97
LONGHOLE 247 -0.47 80
BLASTHOLE 4476 -0.85 87
VCR 2.0E+10 -3.23 80
Note: "A" and "B" are regression constants. Cost is in 
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Figure 9
Stoping Cost Curves for All Mining Methods
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Lower costs are predicted from the models for bulk mining 
methods like longhole and vertical crater retreat, as compared 
with the other mining methods. These techniques are less 
labor intensive and reduce labor costs, which are generally 
the largest single expense in the mining industry in developed 
countries. These bulk methods have lower labor costs per ton 
compared with the other mining methods (Table 25) . Bulk 
mining is therefore replacing more labor intensive methods 
wherever practicable. One outcome of having fewer people 
available to do the same number of jobs has been the rise of 
cross-job training. For example, a driller might add blasting 
to his skills. The result is a more efficient work force. As 
shown in Table 25, the bulk mining techniques such as longhole 
and blasthole have smaller percentages of labor as a 
percentage of average operating costs as compared with 
shrinkage and cut and fill. A similar trend was evidenced 
with ground control costs as a percentage of average operating 
costs.
The recent advent of larger drills has improved the rate 
of ore recovery. Each increase in hole size results in larger 
powder loads and more tons broken per blast. In other words, 
less time is needed to drill, load, and blast the same amount 
of ore. The operating mines using the vertical crater 
technique use a hole size of 6.5 inches and this is a 
contributing factor to the low costs predicted by this model.
'• ARTHUR LAKES LIBRARY v 
’ COLORADO SCHOOL OF M IN IS  
; GOLDEN, CO 80401
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Table 2 6 shows the average costs and ranges for the 
mining methods that were analyzed in the study.
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Table 25
Labor and Ground Support Costs among Mining Methods
MINING METHOD AVERAGE LABOR 
COSTS($/TON)




SHRINKAGE 7.52 65% 11% - 71%
ROOM AND 
PILLAR
6.21 63% 34* - 88*
CUT AND FILL 12. 18 61% 10% - 68%
BLASTHOLE 8.43 51% 11% - 89%
LONGHOLE 4.12 22% 10% - 40%









SHRINKAGE 3.12 17% 3% - 22%
VCR 0. 88 16% 2% - 20%
CUT AND FILL 2.72 13% 2% - 37%
LONGHOLE 1.15 9% 2% - 20%
ROOM AND 
PILLAR
0. 64 7% 3% - 22%
BLASTHOLE 0.30 3% 1% - 12%
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Table 26 
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The bulk raining methods show the least direct costs with 
the raw data, further supporting the predictions from the 
models. Large outputs can be obtained with few units and 
limited personnel. Equipment utilization is high and ground 
support costs are low. High labor and ground support costs 
are the major reasons for the high average cost for cut and 
fill. A major reason for the high average cost for shrinkage 
stoping is reduced stope widths. This technique has the least 
stope widths among the mining methods, ranging between 5 feet 
and 10 feet. This can affect the costs due to poor 
utilization of mucking equipment and use of small diameter 
holes, resulting in low productivities. Ore is also tied up 
in producing stopes and so capacities were generally low for 
this technique. Labor intensity associated with narrow vein 
deposits, coupled with the inability to ease such a situation 
through the utilization of larger and more efficient equipment 
contributes to the high cost of production associated with the 
shrinkage technique.
Stope widths for cut and fill stoping were up to a 
maximum of 60 feet, compared with maximum of 100 feet for 
blasthole, room and pillar and longhole, and 200 feet for 
vertical crater retreat technique. Bigger stope widths 
provide room to effective mechanization.
When operations are highly mechanized, the improvement in 
unit costs with increased tonnage is more rapid than when
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operations are more labor intensive. Conversely, small 
tonnage operations as a result of constraints on stope widths 
make mechanization less effective in reducing unit operating 
costs. This is because as daily tonnage is reduced, unit 
operating costs rise faster for mechanized mines than for 
labor intensive mines.
4.2 COMPARISON WITH SME 1992 MINING COSTS
Table 27 shows a comparison of costs range obtained in 
this study and costs published in volume two of the SME Mining 
Engineering Handbook, 1992 (Chapter 23.3). It is significant 
to note that the SME data is in 1989 dollars while this study 
has all costs in 1991 dollars. Since the SME data are direct 
costs that includes drilling, haulage, loading, haulage, 
hoisting and auxiliary costs, these were incorporated into the 
stoping costs analyzed in the study for the purposes of 
comparison. All the capacity ranges reported for the various 
mines in the SME survey fall in the capacity ranges of the 
study, except room and pillar. The SME survey reported a 
capacity range between 5,500 to 16,500 tons/day whilst this 
study has a capacity range between 92 and 2,400 tons per day 
for the room and pillar method.
At the lower end of the cost ranges, the study has cost 
data far lower than the SME data in most cases. The SME 
publication reports that their cost information are based on
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relatively few numbers and their cost information should be 
considered as order-of-magnitude. Obviously, variations in 
mining and accounting practices are a contributing factor to 
the differences. Without detailed information on the mines 
used in the SME survey, it is difficult to analyze any 
technical reasons for the variations.
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METHOD
Table 27






















4.3 MODEL COMPARISON WITH O'HARA AND U.S. BUREAU OF MINES
The models derived in the study were compared with models 
developed by O'Hara which were published in Chapter 6.3 of the 
1992 SME publication. To facilitate comparisons, the 
relationships were converted to a common base (raised to the 
power -0.4), similar to O'Hara's relationships. An input of 
1000 tons mined per day was used in the conversion (Table 28) . 
These were also compared on a per ton basis with models
developed by the U.S. Bureau of Mines. Large deviations were 
recognized in some of the mining methods. In most cases, 
models derived in the study were closer to O'Hara's models 
than to the U.S. Bureau of Mines. This might be due to the 
fact that, like this study, his work also emanated from cost
data from Canada and operating conditions are similar.
The Bureau of Mines models used for this comparison were 
developed in 1984 and were updated to 1991 costs for the 
purposes of this comparison. Unfortunately, the U.S Bureau of 
Mines publication and O'Hara (SME 1992 Chapter 6.3) did not 
give any idea about the number of observations, and
correlation information that go with their models. Despite 
the deviations between the models developed in the study and 
these models, there were consistencies in the trend of costs. 
In all the cases, cut and fill and shrinkage emerged as the 
techniques with the highest stoping costs and the bulk mining 
methods such as longhole and vertical crater retreat emerged
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with very low operating cost.
Figures 10 to 15 indicate how the models compare within 
ranges of capacity applicable to all the models.
ER-4360
Table 28
Cost Models Comparisons (1000 tons per day)
MINING METHOD STUDY
CONVERTED TO SAME 
BASE AS O'HARA’S O'HARA
SHRINKAGE 7307425 2060744 14607-0.4
CUT AND FILL 67207-0.53 27407-0.4 18507-0.4
ROOM AND PILLAR \mm 1870744 16007-0.4
LONGHOLE 24707-0.47 15207-0.4 13007-0.4
BLASTHOLE 447607-0.85 20007-0.4 1150744
VCR 2E+10O7-3.23 6507-0.4 12507-0.4
COMPARISON WITH O’HARA AND (IS. BUREAU OF MINES MODELS 
AT 1000 TONS
MINING METHOD STUDY O’HARA U.SBUREA
(U S O T ) (U S O T ) (U S O T )
CUT AND FILL 1731 9.10 25.55
SHRINKAGE 1198 7.19 23.41
BLASTHOLE 1162 5.66
ROOM AND PILLAR 11.81 W 2.92
LONGHOLE 9.61 6.40 3.12
VCR 4.08 6.15 5 :5
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Figure 12
Stoping Cost Curves for Room and Pillar 
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Figure 14
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Figure 15
Stoping Cost Curves for VCR(Study, O'Hara and USBM)
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4.4 SUMMARY AND CONCLUSION
The method of cost estimation discussed comprises one of 
the available tools used in evaluating the early stages of a 
mining project, when adequate information is not available for 
detailed analysis. While the technique is constrained by the 
unique nature of each mining operation, it has a broad 
applicability, and would, in most cases be adaptable to 
computerization. The user should update costs if necessary 
and consider the industrial standards in Canada on which data 
for the models are based.
Cost models for all the mining methods show a general 
pattern of a decrease in operating costs with increase in 
capacity. It is important to recognize how mining method 
ranks in the scale of costs during the mining method selection 
process. In addition to operating cost estimation, the 
selection and/or calculation of other key parameters are 
critical to the overall economics of a project. These include 
minable tons and grade, production rate, mining method, and 
price of product. A mineral deposit which appears to be 
marginal may prove to be viable with a change in the variables 
but only a proper detailed feasibility study will provide 
definitive answers.
The study indicates that bulk mining methods have lower 
operating costs. Where the geology and geotechnical 
information make these methods practicable, they are the
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appropriate choice. In general, the database could be a 
valuable source of information for the technical and economic 
aspects of underground mining and could be used to compare 
similar operations and learn more about a specific project. 
However, most of the data provided in the Source Book is 
incomplete. The scatter of the data points tends to undermine 
confidence in the estimate with the raw data. This 
necessitated the use of statistical analysis to eliminate most 
of these outliers to develop the cost models. It is also 
known that some form of relationships should exist among the 
cost drivers. Even with detailed statistical analysis, 
predictive relationships could not be established.
According to Gentry and O'Neil, 1984, company data is 
often unsuitable for direct use in the estimation procedure 
simply because of the manner in which the accounting system 
compiles and reports the cost components. This appears to be 
a major problem with the Source Book data base. However, the 
use of statistical tools facilitated the development of cost 
models which follow the general trend of models developed by 
O'Hara using Canadian data.
The technique outlined in this study is by no means the 
best answer to estimating operating costs. Usage of the 
database and derived cost functions should be treated with 
great caution and any economic model employing cost functions 
should be considered as an order of magnitude estimate at 
best.
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